An adult female wild turkey exhibiting disorientation and failure to flee when approached was submitted to the Mississippi Veterinary Research and Diagnostic Laboratory. Gross pathologic examination revealed evidence of dehydration and the presence of modest numbers of adult nematodes in the small intestine. Histologic examination revealed extensive multifocal perivascular lymphocytic infiltration in brain, marked heterophilic hyperplasia in bone marrow, and multifocal interstitial lymphocytic infiltration in heart, pancreas, ventriculus, and skeletal muscles. West Nile virus (WNV) was isolated from the brain, lung, and kidney tissues using cultured Vero cells. Higher copies of viral RNA were detected from brain, lung, and kidney than from heart, liver, or spleen by quantitative real-time reverse transcription-polymerase chain J Vet Diagn Invest 18:204-208 (2006) From the Mississippi Veterinary
reaction (RRT-PCR) analysis. Immunohistochemical (IHC) analysis detected WNV antigen in various tissues including neurons, kidney, respiratory tract epithelium, heart, and bone marrow. On the basis of the data from this investigation, it is concluded that WNV caused encephalitis along with many other pathologic changes in the affected wild turkey.
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West Nile Virus (WNV), a member of the Flaviviridae family, was first introduced to the USA via New York in 1999 during an outbreak of neurologic diseases in humans, horses, and birds, 2, 10, 13 and has since spread to other states. 3 As of June 1, 2005, 49 states, including as well the District of Columbia and Puerto Rico, reported WNV infection of animals, birds, or mosquitoes. Among them, 41 states reported human cases (http://www.cdc.gov/ncidod/ dvbid/westnile/surv&control.htm). Three Culex species of mosquitoes are the principal vectors of the WNV, whereas birds, chiefly passerines, are the major introductory or amplifying host. 10 Although many vertebrates are susceptible to WNV infection, commercial chickens and turkeys seem to be resistant. 15, 16 Inoculation of turkeys with WNV did not induce histopathologic changes, and low levels of viremia resulting from WNV infection were insufficient to contribute to bird-mosquito-bird amplification cycle. 16 However, seroconversion of turkey farm workers and people who had close contact with sick geese suggested that horizontal transmission of WNV could occur. 5, 6 To the author's knowledge, this article reports, for the first time, a case involving naturally acquired WNV infection in a wild turkey (Meleagris gallopavo ssp). Histologic examination, viral isolation, real-time reverse transcription PCR (RRT-PCR) analysis, nested reverse transcription PCR (NRT-PCR) analysis, and immunohistochemical analysis were performed to detect and characterize the infection in the wild turkey.
In September 2003, an adult female wild turkey exhibiting disorientation and failure to flee from people was found alongside a rural road and was submitted to Mississippi Veterinary Research and Diagnostic Laboratory by the Mississippi Department of Wildlife. After euthanasia, complete necropsy was performed. Tissue specimens for histologic examination were collected, fixed in neutral 10% formalin, processed in routine manner, embedded in paraffin, sectioned at 5-mm thickness, stained with hematoxylin and eosin (HE), and evaluated by light microscopy.
For virus isolation, approximately 1 g of tissue from brain, lung, and kidney was homogenized in 5 ml of Hanks' balanced saline solution (HBSS) with penicillin (300 U/ml) and streptomycin (300 mg/ml) followed by centrifugation at 2,500 3 g for 10 minutes. Each 25-cm 2 flask with confluent monolayer of Vero cells was inoculated with 1 ml of supernatant from the tissue homogenate and was incubated at 37uC with 5% CO 2 . After 1 hour's incubation, 5 ml of fresh medium was added. Inoculated cells were monitored daily for cytopathic effect (CPE). Cell cultures with CPE were subjected to 1 cycle of freeze-thaw. An aliquot of the supernatant was serially diluted and used to infect fresh Vero cell monolayers to confirm existence of the virus. Plaque assays were conducted using Vero cells seeded in 24well plates (1.6 3 10 5 cells /well). Wells with a confluent monolayer were inoculated with 0.1 ml of serially diluted virus and were incubated at 37uC for 1 hour with gentle shaking. Each well was overlaid with 1 ml of growth medium containing 1% low-melting agarose and 0.01% neutral red. Infected cultures were incubated at 37uC with 5% CO 2 for 1 week and were examined daily for plaque formation. Specimens were treated as biohazardous material, and all work was conducted in biological safety level-2 laboratories. Fresh tissue specimens were processed in biosafety cabinets.
The infected cell culture and culture supernatant from the second passage, as well as fresh tissue specimens were examined for the presence of WNV, St. Louis encephalitis virus (SLEV), and eastern equine encephalitis virus (EEEV) by use of RRT-PCR and NRT-PCR analyses. In brief, total RNA was extracted from infected Vero cells in a 25cm 2 flask, with culture supernatant and approximately 100 mg of tissue, using Trizol reagent a or RNAseay kit, b according to the manufacturer's instructions. The RRT-PCR analysis was performed by use of an ABI Prism 7000 Sequence Detector c with TaqMan one-step RT-PCR master mixture. c Two sets of primers and probes (NC3 and ENV) were used to amplify and detect WNV genomic sequences as described. 12 The RRT-PCR detection of SLEV and EEEV was performed as described. 11, 12 TaqMan probes were labeled with 6-carboxyfluorescein (FAM) and 6-carboxy-N, N, N9, N9-tetra-methyrhodamine (TAMRA) as reporter and quencher, respectively. c The reaction mixture contained a total volume of 25 ml, including 20 pmol each primer, 25 pmol probe, and 5 ml of RNA.
Thermal cycling for RT consisted of: 48uC for 30 minutes; 95uC for 10 minutes; 40 cycles of 95uC for 15 seconds; and 60uC for 1 minute. A standard curve of Threshold cycle (Ct) value versus plaque-forming units (PFUs) was generated using RNA extracted from serially diluted cell culture supernatants containing 10 3 to 10 7 PFU of viruses as templates. The viral load in each tissue specimen was determined by use of quantitative RRT-PCR analysis. The NRT-PCR analysis was performed as described. 9 For immunohistochemical analysis (IHC), tissue sections were deparaffinized, pretreated with proteinase K, d stained with murine ascetic fluid (a polyclonal antibody against WNV) at 1:4003 dilution, e streptavidin-biotin-horse radish peroxidase conjugate, f and diaminobenzidine as chromogen using an autostainer. f Bacteriologic culture was performed to isolate organisms from brain and lung tissues. The RRT-PCR detection of avian influenza (AI) and exotic Newcastle disease (END) was conducted according to the protocols provided by the National Veterinary Services Laboratories for the AI and END surveillance program. The PCR detection of Mycoplasma gallis epticum (MG) and M. synoviae (MS) was conducted as described. 1 Other than slight dehydration and the presence of modest numbers of adult nematodes in the small intestine, necropsy did not revealed relevant lesions. Histologic examination revealed marked lymphohistiocytic, perivascular, inflammatory cell infiltration or ''cuffing'' in the brain, especially in the brainstem and cerebellar regions. Similar but minimal infiltrates were present in the meninges. A few mild perivascular ''collar'' hemorrhages and focal gliosis were observed (Fig. 1a ). Mild multifocal, lymphohistiocytic, perivascular, inflammatory cell infiltration with myocardial degeneration was present in the heart and around Purkinge fibers (Fig. 1b) . Infiltrates of mixed inflammatory cells (histocytes, lymphocytes, and heterophils) were seen in hepatic portal areas. The sinusoidal Kuppfer cells were prominent, and often contained hemosiderin pigment. A modest increase in hemosiderin and a few small foci of heterophils were observed in the splenic red pulp. Bone marrow was markedly hypercellular with increased numbers of mature heterophils. Numerous large primitive myeloid elements were seen in the bone marrow (Fig. 1c ). The pancreas contained foci of acinar cell degenerative, with mild lymphohistiocytic and lesser heterophilic infiltrates. Mild lymphocytic perivascular or interstitial inflammatory cell infiltration was evident in the skeletal muscles, ventriculus, and lung.
Vero cell cultures inoculated with samples from brain, lung, and kidney developed CPE, characterized by cell rounding and detachment at postinoculation hour (PIH) 48 on first passage and at PIH 24 on second passage. Plaque assays indicated that virus titer as high as 10 7 PFU/ml could be achieved on second passage. The WNV, but not SLEV or EEEV, were detected by RRT-PCR analysis in the infected cell culture and culture supernatant, as well as in fresh tissue specimens. Data from quantitative RRT-PCR analysis indicated that the lung, brain, or kidney harbored high copies of WNV RNA (equivalent to 10 5 PFU/100 mg), compared with the heart, liver, or spleen (equivalent to 10 3 PFU/100 mg). The WNV positive results of RRT-PCR analysis were confirmed by NRT-PCR amplification of a 248-bp fragment of the envelope gene. Bacterial pathogens were not isolated from submitted tissues. The PCR analysis did not detect AI, END, MG, or MS in brain and lung tissues. To determine the tissue tropism of WNV in the affected bird, IHC analysis was conducted to detect the presence of WNV antigen in the cytoplasm of various cell types from different tissues. The WNV antigen was visualized in many neurons and glial cells in the brain ( Fig. 2a ; granular brown pigment). The heart had diffuse staining of the myocardium, with few scattered nonstaining myocytes. Strong staining of bronchiolar epithelium in lung ( Fig. 2b) and tubular epithelial cells in kidney also was observed. In addition, strong positive staining of the primitive myeloid cell populations was seen in the bone marrow ( Fig. 2c) .
Taken together, the data from this investigation indicated active WNV infection in the affected wild turkey. Results of histologic examination, viral isolation, RRT-PCR/NRT-PCR analysis, and IHC analysis collectively indicated that the encephalitis and myocarditis along with other pathologic changes were attributable to WNV infection. In addition to brain, lung, and kidney, bone marrow was another important target of WNV infection.
The disease expression of WNV infection, such as mortality, clinical signs of disease, and pathologic changes, varies among the various host species. 2, 4, 10, 15, 16 Meningoencephalitis, splenomegaly, and myocarditis are common in many species of birds naturally infected with WNV. However, lesions in brain or other tissues were not observed in domestic turkeys inoculated with WNV. 15, 16 The pathology of WNV and the viral tissue tropism in the turkey of this report were similar to what was found in many zoologic birds and wild birds, but not in experimentally infected domestic turkeys. 13 The levels of viremia in chickens and geese infected with WNV was sufficiently high to contribute to the transmission cycle, but the viral concentrations in domestic turkeys inoculated with WNV was insufficient to infect mosquitoes. 4, 5, 15, 16 In this case, WNV RNA was detected at concentrations equivalent to 10 3-5 PFU/100 mg of tissue in various systemic organs. Therefore, it is reasonable to speculate that the affected turkey was viremic. However, it was unknown whether the viral concentration in circulation was sufficient to infect mosquitoes, because a blood sample was not taken before necropsy.
Most flaviviruses are arthropod-borne, and transmitted to vertebrates by chronically infected mosquitoes or tick vectors. 10, 14 Since wild birds are the reservoir of WNV, early death of wild birds has been used as a sentinel in WNV surveillance. 7 Seroconversion of turkey breeder farm workers and the people who had close contact with sick geese suggested that horizontal transmission was a possible route for WNV infection. 4, 5, 6 Furthermore, the findings in WNV infection of alligators and other aquatic animals suggested that contaminated environment, including food or water, may contribute to the spread of WNV. 8 Although wild and domestic turkeys are not generally recognized as susceptible to WNV, individual variation in susceptibility and immune status may alter risk for infection. Such is true with mammalian species that are generally resistant to the disease, but infections in humans, horses, squirrels, cows, and dogs have been reported. 2, 10 Further investigation of WNV distribution and the disease manifestations in wild birds, including wild turkeys, may be necessary to better understand WNV epidemics. Nonetheless, personal protective measures should be taken when handling the sick birds. 
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